Although the intraaortic balloon pump (IABP) has been useful in supporting patients with specific mechanical complications of infarction that could be approached with corrective surgery,l it has not been found to be useful as routine therapy in conservatively treated acute myocardial infarction. The concepts of using the IABP to reduce myocardial oxygen demand2 or to support the failing left ventricle3 have been theoretically attractive. However, in uncomplicated myocardial infarction in the absence of reperfusion, the IABP has not been shown to reduce infarct size.4 Furthermore, although short-term survival of patients in cardiogenic shock without correctable mechanical complications has been enhanced, the long-term outcome has remained unchanged by use of the IABP before the advent of reperfusion therapy.5
Coronary artery reperfusion with thrombolytic therapy,6, 7 percutaneous coronary angioplasty,8 or both have offered a new opportunity to enhance outcome with the IABP by several possible mechanisms. Although reperfusion reduces infarct size and eventually improves left ventricular function,s the function of ischemic myocardium does not immediately improve with reperfusion.lO Therefore supporting myocardial function with the afterload-reducing properties of the IABP may be beneficial while awaiting functional recovery. Furthermore, coronary flow is often impaired in the early phase of reperfusion. I1 Increasing diastolic coronary pressure and flow may enhance the effects of chemical and mechanical means of reperfusion.12 Against these potential benefits must be weighed the risks, especially bleeding at the site of femoral artery puncture13 and thrombotic complications resulting from obstruction of flow to the legs. 14 The goal of the current study was to review the experience with the use of the IABP in a large group of patients treated with thrombolytic therapy. In this process we evaluated the risks of the IABP and developed hypotheses concerning the possible benefits of this procedure in specific subsets of patients in the setting of acute myocardial infarction.
METHODS

Patient population.
The study population included 810 consecutive patients who participated in four clinical trials evaluating different therapeutic strategies after administration of thrombolytic therapy. Results of these clinical trials have been reported in detail in previous publications.r5m1s Common to all protocols was the administration of thrombolytic therapy within 6 hours of the onset of symptoms. All patients met the following criteria: ECG evidence of at least 0.1 mV of ST segment elevation in two or more contiguous leads, absence of previous Q wave infarction in the distribution of acute ischemic region, and symptoms of ischemia lasting longer than 30 minutes and unresponsive to sublingual nitroglycerin therapy. Criteria for exclusion included a history 895 March 1991 American Heart Jounal of significant risk of bleeding, previous major surgery, uncontrolled hypertension, cardiogenic shock, prolonged cardiopulmonary resuscitation, or potential pregnancy. All patients underwent acute cardiac catheterization with a goal of visualization of the infarct-related artery within 90 minutes of administration of thrombolytic therapy. In the Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) I trial,15 patients with patent coronary arteries and suitable anatomy for angioplasty were randomly assigned to undergo immediate angioplasty or were considered for deferred angioplasty at the time of hospital discharge. In the TAM1 11,16 TAM1 111,17 and urokinase18 trials only patients with occluded infarct-related arteries underwent immediate angioplasty. In all of the patients an effort was made to defer angioplasty until the time of hospital discharge.
The first 178 patients in the TAM1 I trial received 150 mg of intravenous tissue plasminogen activator (t-PA) over 6 to 8 hours with 60 mg over the first hour, 20 mg in the second and third hours, and 10 mg/hr for the last 5 hours. The remaining 208 patients were treated with 1 mg/kg in the first hour with a maximum dose of 90 mg followed by the remainder of the 150 mg dose over a &hour infusion period. The 146 patients in the TAM1 II study received escalating doses of t-PA and urokinase. The first 34 patients received 25 mg of t-PA and 0.5 to 1 million units of urokinase. In the remaining 112 patients, 1 mg/kg t-PA was given in combination with 0.5 to 2.0 million units of urokinase. In the TAM1 III study all 175 patients were treated with 1.5 mglkg of t-PA over 3 hours. In the urokinase study 102 patients were treated with 3 million units of urokinase given over 45 to 60 minutes.
After acute angiography all patients were admitted to cardiac care unit where medical therapy was used, including intravenous lidocaine for 24 hours, and aspirin and dilatiazem were given throughout the hospitalization unless adverse events or contraindications were present. Heparin was given intravenously for up to 7 days with an effort to maintain the activated partial thromboplastin time at 1.5 to 2 times greater than control values. Beta-blocking agents were withheld unless indicated for treatment of ventricular tachycardia, hypertension, or recurrent ischemia. Coronary artery bypass grafting was used only for very high-risk anatomy or other compelling clinical indications before follow-up angiography. After follow-up angiography, patients who were not considered to be candidates for angioplasty but who merited myocardial revascularization were treated with coronary artery bypass grafting.
Core angiographic analysis. All coronary angiograms and left ventriculograms were analyzed at the Core Angiographic Laboratory at the University of Michigan. Observers were blinded to the specific treatment regimen. Global left ventricular ejection fraction was calculated by the area-length method,lg and regional left ventricular function was evluated by the centerline chord method of Sheehan et a1.2" Criteria for use of IABP. No standard criteria for insertion of the IABP were used in any of the four protocols. The individual investigator at each center made the decision to insert the IABP based on the presence of demonstrated hemodynamic instability or coronary anatomy deemed to be extremely high risk. The reduction in reocclusion rates was not known until this study had been completed. Therefore this concept did not influence the selection of patients for IABP insertion.
Method of IABP insertion. All IABP placements were carried out by a cardiologist experienced with the percutaneous insertion technique. The IABP was inserted via the percutaneous route by means of the Seldinger technique. An 11F arterial sheath was used for placement in the femoral artery, and the IABP catheter was introduced by means of a guide wire. Appropriate position in the descending aorta was verified by fluoroscopy in all instances. Adjustment in intravascular augmentation was verified by continuous measurement of arterial blood pressure. All patients were anticoagulated with intravenous heparin while the IABP was being used. Removal of the IABP was performed with back bleeding from the arterial site for 5 to 10 seconds to allow intravascular thrombi around the insertion site to disappear. The inguinal region was then compressed manually for a minimum of 30 minutes. After removal of the IABP, any loss of pulse in the peripheral arteries distal to the insertion site was evaluated by a vascular surgeon.
Collection and analysis of data. Data were entered onto case report forms at the clinical sites and the angiographic core laboratory, and the biostatistical core unit at Duke University provided quality control of the data. For descriptive purposes, results are expressed as percentages for discrete variables and mean ( + 1 standard deviation [SD]) for continuous variables.
RESULTS
Baseline characteristics.
A descriptive summary of selected clinical and angiographic baseline characteristics is shown in Tables I and II. As expected, patients in whom the IABP was inserted had substantially more hemodynamic compromise, more multivessel and left anterior descending coronary artery disease, and more frequent failure to reperfuse at immediate angiography compared with patients in Intraaortic balloon and thrombolytic therapy 897 whom the IABP was not inserted. The greater prevalence of diabetes, hypertension, and older age also demonstrates the higher risk nature of the IABP population.
Timing and circumstances of insertion. The majority of IABP insertions occurred in the first 24 hours of the hospital course. Over 90 % of insertions had been performed by the third day. The majority of the IABPs (75 % 1 were inserted before or during acute cardiac catheterization.
Only four patients required insertion of the IABP later in the hospital course during or after cardiac surgery, whereas 16 IABPs (19%) were inserted during the stay in the cardiac care unit in patients treated without surgery.
During the course of the four studies, the rate of IABP insertion ranged from a minimum of 10% in the TAM1 I trial to a maximum of 13 % in the TAM1 II trial. Thus the rate of IABP insertion did not vary substantially over time. Similarly little variation existed from center to center in IABP use, with rates ranging from 7% to 13% of patients.
Clinical outcome. The in-hospital mortality rate of patients treated with IABP was substantially higher (32 % ) than that in patients not requiring IABP support (4%). The majority of deaths were due to progression of cardiogenic shock. No deaths resulted directly from complications of IABP insertion. Table III shows multiple in-hospital clinical outcomes. As expected, because of the increased severity of illness, patients treated with the IABP had a higher rate of arrhythmic and hemodynamic complications compared with other patients. The length of hospitalization also was markedly longer in patients requiring use of the IABP. The most intriguing outcome was the absence of reocclusion for the duration of IABP insertion compared with the overall rate of 13% in the combined trials. Careful scrutiny of individual records showed that there were two patients who had reocclusion within hours after removal of the IABP. In another three patients the IABP was inserted after reocclusion had occurred, because of hemodynamic compromise, and a second reocclusion did not occur. Review of records of the patients who died showed no reinfarction during treatment with the IABP, which was supported by the findings of patent infarct-related arteries at autopsy in 12 patients. Five patients who later died had a reinfarction before insertion of the IABP.
The paired left ventricular function data are shown in Table IV . It is important that the number of paired observations is low in the group treated with IABP because of the high mortality rate, the severity of illness, and the frequent use of surgery in these patients. Nevertheless, IABP patients with paired data had a tendency toward an improvement in resting left ventricular function during the course of the hospitalization.
These effects were most pronounced in the zone of myocardium distant from the site of infarction.
Complications.
Bleeding complications in patients with IABPs were substantially greater than in those without IABPs (Table V) . Even when patients treated with coronary artery bypass grafting were excluded, significant differences remained. Vascular complications were more common after IABP insertion compared with patients who only had the usual vascular access during their cardiac catheterization; loss of pulse occurred in 12 % versus 2 % and vascular repair in 6 % versus 2 % , respectively. Of the 27 patients with IABPs who later died, autopsy information was available in 42 % . There was only one patient who had a vascular dissection noted at autopsy in this group. The patient died of progressive cardiac failure, and the death could not be attributed to complications of IABP insertion.
DISCUSSION
The findings in this observational study indicate that the IABP may be inserted safely in the setting of acute myocardial infarction treated with thrombolytic therapy, although the 11F vascular access required in the femoral artery clearly increases the risk of bleeding and vascular trauma at the periaccess site. The most striking finding in this study was the absence of reinfarction or reocclusion of the infarctrelated artery in a large consecutive series of patients. In addition, patients who had IABP insertion showed improvement in global and noninfarct zone regional left ventricular function.
The greater severity of illness in the IABP group in every respect is not surprising, given the accepted indications for IABP use. In the absence of a control group we cannot accurately assess whether the observed 32% in-hospital mortality rate is lower or higher than would have been expected without IABP use. Similarly the potential impact on complication rates cannot be determined with confidence. Randomized trials will be necessary to determine the overall impact of the device on clinical outcomes.
The apparent impact of the IABP on reocclusion cannot be accounted for by other factors that were measured in our population. In previous studies of reocclusion, the only factor we could find to be associated with a lower risk of reocclusion was a higher peak fibrin(ogen) degradation product level.", 22 Others"", 24 have suggested that a lesser residual stenosis after thrombolysis was associated with a lower risk of reocclusion, but in this study the IABP group had a similar degree of residual stenosis compared with the non-IABP group. The possibility must be considered that a substantial number of reocclusion events occurred in the 27 patients who died. Careful review of their records, including autopsy reports in 42% of patients, showed no evidence of reinfarction.25
These findings are particularly pertinent to patients undergoing "rescue angioplasty" because of failure of thrombolytic therapy to achieve reperfusion. In our previous experience the reocclusion rate in this "rescue angioplasty" group has been high26 with an associated high mortality rate.26-2s The speculated mechanism by which the IABP could prevent reocclusion is the production of markedly enhanced diastolic cornary artery perfusion pressure. The resultant improvement in flow characteristics could retard recurrent thrombus formation and prevent closure of an intimal flap after acute angioplasty against the opposite vessel wall.
The serial left ventricular function data suggest that use of the IABP may enhance noninfarct zone function. These findings must be tempered, however, by consideration of the high death rate in the IABP group. Thus only "responders" may have survived, thereby providing an inaccurate impression of the overall effect of the intervention. Furthermore, previous studies have demonstrated that patients with the poorest baseline left ventricular function have the greatest improvement regardless of other therapy. 2gs 3o Despite these reservations, serious con-Intraaortic balloon and thrombolytic therapy 899 sideration should be given to the potential impact of improved coronary perfusion rates and afterload reduction on recovery of myocardial function. Noninfarct zone function has recently been recognized as a critical factor in the assessment of prognosis.s1-33 In experimental studies when an epicardial vessel is occluded, collateral flow to other areas of myocardium with critical stenoses may be impaired.34 In the TAM1 experience absence of "compensatory hyperkinesis" in the noninfarct zone is a powerful predictor of in-hospital mortality.31 The IABP could reverse this phenomenon by three mechanisms: (1) reduced afterload, thereby reducing the myocardial oxygen demand; (2) directly by improving flow to the noninfarct zone across critical stenosis; and (3) indirectly by improving collateral flow through the subendocardium.
of data was rigorous and prospective, a specific protocol for criteria for use of the IABP was not in effect. Thus the circumstances of insertion were not uniform. Second, therapeutic effects cannot be directly assessed, since no adequate control group exists for comparison. Apparent effects of IABP use must be confirmed by other studies before these outcomes are extrapolated to other populations. Third, the results achieved in this study occurred in selected regional centers for the invasive care of patients with coronary disease. In the absence of the experience accumulated by these investigators, the complication and failure rates can be expected to be higher.
The bleeding complication rates as expected were significantly higher with the IABP than without it. Much of this difference was attributable to the greater need for cardiac surgery in patients with IABPs, but the higher complication rate persisted after these patients were eliminated from the analysis. It is important that none of the complications directly attributable to the IABP were considered to be life threatening.
These complications are certainly directly related to the large size of the puncture hole produced by insertion of the IABP.
The vascular complication rate of 12% observed in this study compares favorably with previously described complication rates of approximately 20% .35-37 The relatively low incidence of vascular complications may be the result of the percutaneous insertion technique. 38 Although some vascular complications of the IABP may only be discovered at autopsy,3g just one patient had an adverse event noted at autopsy in this study.
Before collection of these data, the rationale for using the IABP in conjunction with thrombolytic therapy predominately rested on the prolonged delay in recovery of myocardial function after reperfusion. Thus the IABP was used in these trials to provide hemodynamic support for patients with frank or impending cardiogenic shock. This study raises three additional issues for consideration in future trials and clinical practice. First, the absence of reocclusion in this population demands follow-up confirmation by independent studies. Second, improved global and noninfarct zone regional function in patients treated with the IABP may have resulted from enhanced flow in the presence of reperfusion or significant reduction in afterload.41, 41 Finally, the combined demonstration that noninfarct zone regional function is a critical determinant of survival and that it may be enhanced by use of the IABP raises the possibility that strategies could be developed to detect noninfarct zone dysfunction early, with the use of the IABP, to prevent subsequent hemodynamic deterioration.
SUMMARY
The limitations of this study must be recognized as To assess the risk and possible benefits of use of the the results are considered. First, although collection percutaneous IABP in patients given thrombolytic therapy as treatment for acute myocardial infarction, we prospectively evaluated 810 consecutive patients entered into the TAM1 trials. During hospitalization the 85 patients treated with the IABP had more cardiac risk factors, were slightly older (58 vs 56 years), and more often had anterior infarction (62% vs 38% ). At acute cardiac catheterization, patients treated with the IABP also had more multivessel coronary disease (67 % vs 43 % ), more frequent TIM1 grade 0 or 1 flow (44 % vs 28 % ), lower global ejection fraction (40% vs 52%), and worse regional infarct (-3.2 vs -2.5 SD/chord) and noninfarct (-0.67 vs +0.36 SD/chord) zone function. Although mortality rates (32% vs 4%) and in-hospital complications were greater in patients treated with the IABP, a greater improvement in global (delta ejection fraction: +1.9% vs +0.7%) and noninfarct zone (delta SD/chord: +O.ll vs -0.09) left ventricular function was observed in patients treated with the IABP at l-week follow-up angiography. In addition, no reinfarction or reocclusion of the infarct-related artery occurred while patients were being treated with the IABP.
These results suggest that the IABP may have a specific role after thrombolytic therapy in treating patients at high risk for reocclusion or at high risk for hemodynamic deterioration because of large infarction or critical stenoses in coronary vessels supplying the noninfarct zone. 
